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Abstract 
This study tried to determine if there is a relationship between eccentricity of spherical 
corneas and astigmatic with-the-rule corneas, as well as whether there is a relationship 
between eccentricity and the amount of WTR astigmatism. Two hundred and one corneal 
topographys were obtained and analyzed from the Humphrey Atlas corneal topographer 
at Pacific University College of Optometry. For each cornea in the study, flat and steep 
keratometric readings were recorded as well shape factor, from which eccentricity was 
derived. No statistically significant relationships were found between eccentricity and 
any of the variables that it was compared to. The findings suggest that eccentricity values 
are independent of other corneal characteristics, and may not be predicted based on other 
corneal parameters. 
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Introduction 
The human cornea is aspheric and radially asymmetric, which becomes 
increasingly flatter from the center to the periphery. 1 Corneal eccentricity is defined as 
the measure of peripheral corneal flattening. Eccentricity values are based on the 
mathematical description of an ellipse, which has a value of 0.5. A circle (no peripheral 
flattening) has an eccentricity of zero and a parabola (maximal peripheral flattening) has 
a value of one? The average cornea has an eccentricity of approximately 0.55.3 
Traditionally, RGP and soft contact lenses have been fit based on central radius of 
curvature measurements obtained through the use of a keratometer or a corneal 
topographer. Keratometers are limited as they typically only measure the central 3.2 mm 
of the cornea and give limited, if any information about the corneal periphery.4 
Conversely, computer-aided topographers can analyze a 9 mm corneal diameter and over 
5000 points within this area. 5 As topographers can obtain information about the 
peripheral cornea, they can provide eccentricity measurements as well as those for central 
radius of curvature. 
Orthokeratology is a technique that uses one lens or a series of reverse geometry 
lenses to reshape the cornea and alter refractive status of the eye. When correcting 
myopia, orthokeratology aims to make the eye more spherical by flattening the central 
cornea and steepening the peripheral cornea.5 By making the peripheral cornea steeper, 
orthokeratology attempts to increase the eccentricity of the cornea.5 It has been 
determined that eccentricity may be a predictor of changes in refractive state in 
orthokeratology, as corneas with higher initial eccentricity values experienced greater 
refractive changes in their study. 5'6 
Eccentricity measurements for a cornea can also be an asset in RGP contact lens 
fitting . Consider an eye with a radius of curvature of 7.7 mm. If fitting a contact lens "on-
k", the lens would have a steeper fitting relationship with the cornea if the eye had a high 
eccentricity (high peripheral flattening) than if the eye had low eccentricity (low 
peripheral flattening)? Knowledge of a patient's eccentricity gives practitioners an 
additional tool when fitting contact lenses from a trial lens inventory or designing 
aspheric RGP lenses for patients. 
Reddy and al found that eccentricity was not useful in predicting success or 
failure of fitting soft toric contact lenses.7 Despite this finding, aspheric soft contact lens 
designs that attempt to fit better peripherally than their spherical predecessors are gaining 
popularity. This indicates that eccentricity of the cornea, although not completely 
understood with regard to soft contact lenses may be a factor in the success of soft 
contact lens fitting. 
Although the value of utilizing eccentricity information is inconclusive regarding 
soft contact lenses, eccentricity data can certainly increase success in RGP contact lens 
and orthokeratology applications. This study is investigating if there is any difference 
regarding eccentricity when comparing spherical corneas and corneas that have with the 
rule astigmatism. Additionally, we are examining if there is a relationship between 
magnitude of astigmatism and corneal eccentricity. If any significant relationships can be 
determined then we may be able to predict more about orthokeratology and RGP contact 
lens fits in the populations that we are studying. 
Methods 
Two hundred and one corneal topographys (table 3) were obtained from a 
Humphrey Atlas Corneal Topographer at the Pacific University College of Optometry 
clinic in Forest Grove, Oregon. Topographies were selected from the database which 
included both optometry students and clinic patients. Only data that had been gathered on 
the topographer within the last four years was included for analysis. 
Subjects who had LASIK, PRK, orthokeratology, or other procedures designed to 
modify corneal features were excluded, as well as topographys that reflected corneal 
disorders, degenerations or dystrophies such as keratoconus. Corneas with a difference 
between the flat and steep keratometric readings greater than nine diopters were also 
excluded from the study. Obliquely astigmatic corneas were excluded by accepting only 
topographys with keratometric axes of the steep and flat meridians in the range of 070-
110 and 160-020 degrees. Against-the-rule corneas were also excluded from the study. 
Spherical corneas were defined as having a difference in keratometric measurements 
between steep and flat meridians of 0.50 diopters or less. With-the-rule (WTR) corneas 
were defined as having the steep meridian at 90 ( +1- 20) degrees, with a difference 
between their steep and flat meridians of greater than 0.50 diopters. 
For each cornea in the study, flat and steep keratometric readings and axes were 
recorded as well as shape factor. To determine the difference in keratometric readings for 
each patient, the t1at keratometric reading was subtracted from the steep keratometric 
reading. Eccentricity was derived by taking the square root of the shape factor for the 
cornea. 
The Humphrey Atlas 991 topographer obtains corneal maps through an initial 
manual focus, before the instrument auto-captures an image. 8 The Humphrey Atlas 
topographer series obtains its shape factor data (from which eccentricity is derived) from 
the flat keratometric reading.7 We examined only one topographical map for each subject 
eye which was justified as Cho et al found that the Humphrey Atlas 991 topographer 
eccentricity measurements were highly repeatable and reproducible. 8 
Results 
The sphetical and WTR groups were initially compared with respect to flat 
keratometric readings to determine the similarity of the two groups. AT-test (Table One) 
revealed that the mean flat keratometric readings and standard deviations for the spherical 
and WTR groups were 43.925 D (SD 1.235) and 43.54 D (SD 1.524) respectively, with a 
probability of 0.087. Comparing keratometric readings at 180 (+/-20) degrees, the mean 
values was 43 .982 D(SD 1.259) for the spherical subjects and 43.545 D (SD 1.519) for 
the WTR subjects, with a probability of 0.0526. The dioptric difference in keratometric 
readings between the flat and steep meridians were also compared for the spherical and 
WTR groups using at-test, showing the mean difference to be 0.151 D (SD 0.277) and 
1.523 D (0.926) respectively, with a probability of 0.001. Eccentricity values were 
analyzed using at-test, indicating the mean eccentricity to 0.484 (SD 0.105) for the 
spherical group and 0.481 (SD 0.12) for the WTR group with a probability of 0.8641. 
Pearson correlations were used to compare several variables for all subjects, for 
spherical subjects only, and also for WTR subjects only (Table Two). The variables 
analyzed were eccentricity, dioptric flat keratometric reading, dioptric difference in 
keratomeuic reading, keratometric reading at 180 (+/-20) degrees, and keratometric 
reading at 90 ( +/-20) degrees. Comparing the flat keratometric reading to eccentricity for 
all subjects, a correlation value of -0.262 was found. Analyzing the groups individually, 
correlations of -0.189 for the spherical group and -0.288 for the WTR group between the 
flat keratometric reading and eccentricity were obtained. Difference in keratometric 
readings and eccentiicity had a correlation value of 0.047 for all subjects, 0.035 for 
spherical subjects, and 0.072 for WTR subjects. Correlating eccentricity with 
keratometric reading at 180 degrees, a correlation value of -0.26 was found for all 
subjects, with values of -0.183 and -0.288 for spherical and WTR subject groups 
respectively. Assessing a relationship between eccentricity and keratometric reading at 90 
degrees, a correlation value of -0.208 was found for all subjects, -0.19 for spherical 
subjects, and -0.221 for WTR subjects. 
Discussion 
Comparing the spherical and WTR groups with regard to both difference in 
keratometric values and keratometiic values at 90 degrees (table 1), the distribution of 
values was statistically significant in both instances, indicating that the groups were 
distinctly different. This was expected as our inclusion criteria, for WTR subjects 
required a difference of at least 0.5 Diopters between the keratometric readings with a 
steeper keratometric reading in the 90th meiidian. The comparison of keratometric values 
at 180 degrees between the spherical and WTR subjects had a probability value of 
0.0526, which is near statistical significance (table 1), revealing that the groups were 
nearly statistically distinct when examining this parameter. However, when considering 
flat keratometric readings between the spherical and WTR groups, the flat keratometric 
reading was found to not be statistically significant as the probability of these values was 
0.087 (table 1). As the Humphrey Atlas corneal topographer derives shape factor values 
(used to determine eccentricity) from the flat keratometric reading, the fact that the 
spherical and WTR groups are not statistically different in this parameter allows us to 
rule out flat keratometric reading as being causative in any differences in eccentricity 
found between the groups. 
There was not a statistically significant difference in eccentricity between the 
spherical and WTR subject groups (table 2). Additionally, no correlations were found 
between eccentricity and any of the corneal characteristics that we measured, regardless 
of whether we examined all subjects collectively, or separated the subjects into spherical 
or WTR groups (table 2). The corneal characteristics that we attempted to correlate 
eccentricity with were flat keratometric reading, difference in keratometric readings, 
keratometric reading at 180 degrees, and keratornetric reading at 90 degrees. Our results 
suggest that eccentricity is random and not predictable based on whether a cornea is 
spherical or WTR, the amount of corneal astigmatism, or any of the other corneal 
measurements that we compared eccentricity to. 
Knowledge of a patient's eccentricity is valuable for orthokeratology and RGP 
applications. This study suggests that each patient should have their eccentricity 
evaluated individually by computer-aided topography as eccentricity cannot be predicted 
by other corneal characteristics. 
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Table 1 
Difference in K's: 
Degrees of Freedom: 199 
Group: 
Spherical: 
WTR: 
Flat K's: 
Count: 
59 
142 
Degrees of Freedom: 198 
Group: 
Spherical: 
WTR: 
K's x 180: 
Count: 
59 
142 
Degrees of Freedom: 199 
Group: 
Spherical: 
WTR: 
K's x 090: 
Count: 
59 
142 
Degrees of Freedom: 199 
Group: 
Spherical: 
WTR: 
Eccentricity: 
Count: 
59 
142 
Degrees of Freedom: 199 
Group: 
Spherical: 
WTR: 
Shape Factor: 
Count: 
59 
142 
Degrees of Freedom: 199 
Group: 
Spherical: 
WTR: 
Count: 
59 
142 
T - Test Analysis 
Unpaired T-value: -11.164 Probability (2-tail) 0.0001 
Mean: Std. Deviation: Std Error: 
0.151 
1.523 
0.277 
0.926 
Unpaired T-value: 1.72 
0.036 
0.078 
Probability (2-tail) 0.087 
Mean: Std. Deviation: Std Error: 
43.925 
43.54 
1.235 
1.524 
Unpaired T-value: 1.949 
0.161 
0.128 
Probability (2-tail) 0.0526 
Mean: Std. Deviation: Std Error: 
43 .982 
43.545 
1.259 
1.519 
Unpaired T-value: -3.912 
0.164 
0.128 
Probability (2-tail) 0.0001 
Mean: Std. Deviation: Std Error: 
44.133 
45.068 
1.163 
1.674 
Unpaired T-value: 0.171 
Mean: 
0.484 
0.481 
Std. Deviation: 
0.105 
0.120 
Unpaired T-value: -0.032 
Mean: 
0.245 
0.245 
Std. Deviation: 
0.101 
0.122 
0.151 
0.140 
Probability (2-tail) 0.8641 
Std. Error: 
0.014 
0.010 
Probability (2-tail) 0.9744 
Std. Error: 
0.013 
0.010 
Table 2- Pearson's Correlations 
All Sub jects 
Eccentricity FlatK Diffin K Kx 180 Kx090 
Eccentricity 1 
FlatK -0.262 1 
Diffin K's 0.047 -0.187 1 
Kx 180 -0.260 0.999 -0.203 1 
Kx 090 -0.208 0.794 0.447 0.785 1 
Spherical Subjects 
Eccentricity FlatK Diffin K K X 180 Kx090 
Eccentricity 1 
Flat K -0.189 1 
Diffin K's 0.035 -0.372 1 
Kx 180 -0.183 0.995 -0.442 1 
Kx090 -0.19 0.989 -0.240 0.977 1 
W-T-R Subjects 
Eccentricity FlatK Diffin K K X 180 Kx090 
Eccentricity 1 
FlatK -0.288 1 
Diffin K's 0.072 -0.128 1 
K X 180 -0.288 1 0.128 1 
Kx090 -0.221 0.836 0.437 0.836 1 
Table 3 
SPH vs 
Subject WTR Kx090 Axis Kx180 Axis S.F. Eccentricity Flat-k Diffin K 
1 SPH 45.87 90 45.50 180 0.23 0.4796 45.50 0.37 
2 SPH 44.50 90 44.00 180 0.14 0.3742 44.00 0.50 
3 SPH 43.62 90 43.87 180 0.2 0.4472 43.62 -0.25 
4 SPH 42.62 90 42.12 180 0.23 0.4796 42.12 0.50 
5 SPH 42.00 104 41.50 14 0.36 0.6000 41.50 0.50 
6 SPH 42.25 90 41 .75 180 0.48 0.6928 41.75 0.50 
7 SPH 41.00 70 40.50 160 0.25 0.5000 40.50 0.50 
8 SPH 44.12 90 44.00 180 0.23 0.4796 44.00 0.12 
9 SPH 44.50 90 44.37 180 0.39 0.6245 44.37 0.13 
10 SPH 44.12 90 44.25 180 0.24 0.4899 44.12 -0.13 
11 SPH 44.37 90 44.50 180 0.17 0.4123 44.37 -0.13 
12 SPH 46.87 90 47.12 180 0.27 0.5196 46.87 -0.25 
13 SPH 46.25 90 46.12 180 0.28 0.5292 46.12 0.13 
14 SPH 43.87 90 43.50 180 0.25 0.5000 43.50 0.37 
15 SPH 43.87 90 43.37 180 0.23 0.4796 43.37 0.50 
16 SPH 42.12 90 42.12 180 0.22 0.4690 42.12 0.00 
17 SPH 42.75 90 42.50 180 0.23 0.4796 42.50 0.25 
18 SPH 42.37 90 42.00 180 0.28 0.5292 42.00 0.37 
19 SPH 44.62 90 44.12 180 0.31 0.5568 44.12 0.50 
20 SPH 43.50 90 43.25 180 0.06 0.2449 43.25 0.25 
21 SPH 44.50 90 44.50 180 0.19 0.4359 44.50 0.00 
22 SPH 44.25 90 44.12 180 0.18 0.4243 44.12 0.13 
23 SPH 45.00 90 45.25 180 0.19 0.4359 45.00 -0.25 
24 SPH 45.12 90 45.25 180 0.2 0.4472 45.12 -0.13 
25 SPH 44.62 90 44.37 180 0.24 0.4899 44.37 0.25 
26 SPH 44.37 90 44.12 180 0.16 0.4000 44.12 0.25 
27 SPH 44.50 90 44.37 180 0.17 0.4123 44.37 0.13 
28 SPH 42.37 90 42.00 180 0.26 0.5099 42.00 0.37 
29 SPH 44.62 90 44.37 180 0.27 0.5196 44.37 0.25 
30 SPH 44.00 90 43.87 180 0.26 0.5099 43.87 0.13 
31 SPH 44.87 90 44.50 180 0.27 0.5196 44.50 0.37 
32 SPH 44.87 90 44.62 180 0.32 0.5657 44.62 0.25 
33 SPH 45.75 90 45.62 180 0.27 0.5196 45.62 0.13 
34 SPH 45.25 90 45.37 180 0.18 0.4243 45.25 -0.12 
35 SPH 44.87 90 44.37 180 0.04 0.2000 44.37 0.50 
36 SPH 44.87 90 44.62 180 0.12 0.3464 44.62 0.25 
37 SPH 43.25 90 43.37 180 0.26 0.5099 43.25 -0.12 
38 SPH 43.75 90 43.50 180 0.24 0.4899 43.50 0.25 
39 SPH 43.00 78 43.50 168 0.12 0.3464 43.00 -0.50 
40 SPH 43.37 90 43.25 180 0.31 0.5568 43.25 0.12 
41 SPH 43.75 90 44.12 180 0.31 0.5568 43.75 -0.37 
42 SPH 43.87 90 44.12 180 0.23 0.4796 43.87 -0.25 
43 SPH 44.75 78 45.25 168 0.38 0.6164 44.75 -0.50 
44 SPH 44.87 90 45.00 180 0.36 0.6000 44.87 -0.13 
45 SPH 44.12 90 43.87 180 0.25 0.5000 43.87 0.25 
46 SPH 44.75 70 44.25 160 0.52 0.7211 44.25 0.50 
47 SPH 45.25 90 44.75 180 0.07 0.2646 44.75 0.50 
48 SPH 42.00 90 41.62 180 0.41 0.6403 41.62 0.38 
49 SPH 44.00 90 44.00 180 0.46 0.6782 44.00 0.00 
50 SPH 44.25 90 44.37 180 0.22 0.4690 44.25 -0.12 
51 SPH 43.37 96 42.87 6 0.48 0.6928 42.87 0.50 
52 SPH 45.50 90 45.62 180 0.19 0.4359 45.50 -0.12 
53 SPH 46.37 90 46.12 180 0.23 0.4796 46.12 0.25 
54 SPH 44.75 90 44.62 180 0.13 0.3606 44.75 0.13 
55 SPH 45.12 90 45.00 180 0.12 0.3464 45.00 0.12 
56 SPH 44.62 90 44.62 180 0.18 0.4243 44.62 0.00 
57 SPH 43.12 96 42.62 6 0.11 0.3317 42.62 0.50 
58 SPH 43.75 90 43.37 180 0.25 0.5000 43.37 0.38 
59 SPH 43.25 90 43.37 180 0.25 0.5000 43.25 -0.12 
60 WTR 44.25 96 43.37 6 0.35 0.5916 43.37 0.88 
61 WTR 44.25 96 43.37 6 0.33 0.5745 43.37 0.88 
62 WTR 46.37 78 45.37 168 0.37 0.6083 45.37 1.00 
63 WTR 44.75 96 44.12 6 0.17 0.4123 44.12 0.63 
64 WTR 46.25 88 44.75 178 0.23 0.4796 44.75 1.50 
65 WTR 46.62 90 45.00 180 0.24 0.4899 45.00 1.62 
66 WTR 45.00 104 44.12 14 0.2 0.4472 44.12 0.88 
67 WTR 45.25 88 43.37 178 0.16 0.4000 43.37 1.88 
68 WTR 45.12 87 43.37 174 0.25 0.5000 43.37 1.75 
69 WTR 42.00 80 40.75 170 0.38 0.6164 40.75 1.25 
70 WTR 42.00 106 40.87 16 0.3 0.5477 40.87 1.13 
71 WTR 45.62 92 39.75 2 0.25 0.5000 39.75 5.87 
72 WTR 43.87 90 42.25 180 0.26 0.5099 42.25 1.62 
73 WTR 46.87 100 41.00 10 0.27 0.5196 41.00 5.87 
74 WTR 45.37 80 42.37 170 0.35 0.5916 42.37 3.00 
75 WTR 41.87 110 41.25 30 0.42 0.6481 41.25 0.62 
76 WTR 46.25 90 45.37 180 0.3 0.5477 45.37 0.88 
77 WTR 46.62 104 46.00 14 0.26 0.5099 46.00 0.62 
78 WTR 45.25 90 43.12 180 0.15 0.3873 43.12 2.13 
79 WTR 43.87 90 42.75 180 0.33 0.5745 42.75 1.12 
80 WTR 45.87 74 43.87 164 0.48 0.6928 43.87 2.00 
81 WTR 42.87 76 41.50 166 0.26 0.5099 41.50 1.37 
82 WTR 44.50 98 43.00 8 0.15 0.3873 43.00 1.50 
83 WTR 46.37 72 44.62 162 0.3 0.5477 44.62 1.75 
84 WTR 44.12 84 42.75 174 0.45 0.6708 42.75 1.37 
85 WTR 44.12 82 43.12 172 0.49 0.7000 43.12 1.00 
86 WTR 45.12 90 44.12 180 0.18 0.4243 44.12 1.00 
87 WTR 44.75 90 43.75 180 0.22 0.4690 43.75 1.00 
88 WTR 44.87 98 43.25 8 0.48 0.6928 43.25 1.62 
89 WTR 45.87 84 42.62 174 0.45 0.6708 42.62 3.25 
90 WTR 45.00 98 43.62 8 0.21 0.4583 43.62 1.38 
91 WTR 45.12 74 43.37 164 0.14 0.3742 43.37 1.75 
92 WTR 44.25 108 42.00 18 0.34 0.5831 42.00 2.25 
93 WTR 45.12 90 44.00 180 0.19 0.4359 44.00 1.12 
94 WTR 45.00 88 44.12 178 0.09 0.3000 44.12 0.88 
95 WTR 44.37 92 43.62 2 0.14 0.3742 43.62 0.75 
96 WTR 44.12 76 43.25 166 0.15 0.3873 43.25 0.87 
97 WTR 46.62 100 46.00 10 0.32 0.5657 46.00 0.62 
98 WTR 43.37 90 42.50 180 0.32 0.5657 42.50 0.87 
99 WTR 43.75 98 42.75 98 0.3 0.5477 42.75 1.00 
100 WTR 44.37 88 42.87 178 0.1 0.3162 42.87 1.50 
101 WTR 45.00 90 43.62 180 0.25 0.5000 43.62 1.38 
102 WTR 43.62 90 42.62 180 0.25 0.5000 42.62 1.00 
103 WTR 43.37 74 42.50 164 0.26 0.5099 42.50 0.87 
1b4 WTR 48.00 104 44.37 14 0.27 0.5196 44.37 3.63 
105 WTR 47.37 76 45.00 166 0.09 0.3000 45.00 2.37 
106 WTR 43.87 98 41.75 9 0.16 0.4000 41 .75 2.12 
107 WTR 46.62 106 45.37 16 0.18 0.4243 45.37 1.25 
108 WTR 46.87 92 45.12 2 0.22 0.4690 45.12 1.75 
109 WTR 43.62 98 43.00 8 0.22 0.4690 43.00 0.62 
110 WTR 43.87 70 42.87 160 0.2 0.4472 42.87 1.00 
111 WTR 44.25 104 43.12 14 0.24 0.4899 43.12 1.13 
112 WTR 44.50 76 43.50 166 0.29 0 .5385 43.50 1.00 
113 WTR 44.50 86 43.87 176 0.27 0.5196 43.87 0.63 
114 WTR 44.25 90 43.12 180 0.29 0.5385 43.12 1.13 
115 WTR 45.00 96 43.50 6 0.33 0.5745 43.50 1.50 
116 WTR 45.12 98 43.75 8 0.31 0.5568 43.75 1.37 
117 WTR 44.62 98 43.25 8 0.09 0.3000 43.25 1.37 
118 WTR 44.87 80 43.25 170 0.2 0.4472 43.25 1.62 
119 WTR 46.37 98 45.00 8 0.13 0.3606 45.00 1.37 
120 WTR 46.12 82 44.62 172 0.13 0.3606 44.62 1.50 
121 WTR 45.00 98 43.37 8 0.04 0.2000 43.37 1.63 
122 WTR 48.75 82 45.75 172 0.16 0.4000 45.75 3.00 
123 WTR 48.62 88 45.37 178 0.06 0.2449 45.37 3.25 
124 WTR 46.00 108 43.87 18 0.06 0.2449 43.87 2.13 
125 WTR 45.62 76 43.87 166 0.08 0.2828 43.87 1.75 
126 WTR 47.87 96 45.62 6 0.31 0.5568 45.62 2.25 
127 WTR 46.87 92 45.62 2 0.03 0.1732 45.62 1.25 
128 WTR 45.1 2 100 44.37 10 0.17 0.4123 44.37 0.75 
129 WTR 43.25 110 41 .75 20 0.28 0.5292 41.75 1.50 
130 WTR 43.50 90 41 .87 180 0.22 0.4690 41.87 1.63 
131 WTR 44.62 102 43.50 12 0.29 0.5385 43.50 1.12 
132 WTR 45.37 104 44.00 14 0.29 0.5385 44.00 1.37 
133 WTR 45.50 80 44.25 170 0.29 0.5385 44.25 1.25 
134 WTR 45.00 74 44.37 164 0.2 0.4472 44.37 0.63 
135 WTR 48.62 82 46.00 172 0.14 0.3742 46.00 2.62 
136 WTR 47.75 96 46.75 6 0.14 0.3742 46.75 1.00 
137 WTR 41.62 76 40.87 166 0.35 0.5916 40.87 0.75 
138 WTR 41 .50 100 40.75 10 0.31 0.5568 40.75 0.75 
139 WTR 42.87 102 41 .62 12 0 .36 0 .6000 41 .62 1.25 
140 WTR 42.87 98 42.12 8 0.45 0.6708 42.12 0.75 
141 WTR 48.00 106 46.50 16 0.33 0 .5745 46.50 1.50 
142 WTR 48.75 90 46.50 180 0.39 0.6245 46.50 2.25 
143 WTR 47.50 108 42.00 18 0.9 0.9487 42.00 5.50 
144 WTR 44.37 94 43.62 4 0.13 0.3606 43.62 0.75 
145 WTR 47.50 100 45.00 10 0. 11 0.3317 45.00 2.50 
146 WTR 49.00 78 45.62 168 0.22 0.4690 45.62 3.38 
147 WTR 44.12 90 43.00 180 0.15 0.3873 43.00 1.12 
148 WTR 44.00 90 43.12 180 0.23 0.4796 43.12 0.88 
149 WTR 43.62 92 42.12 2 0.1 0.3162 42.12 1.50 
150 WTR 44.12 78 41.50 168 0.06 0.2449 41.50 2.62 
151 WTR 45.75 94 44.25 4 0.11 0.3317 44.25 1.50 
152 WTR 46.50 98 44.50 8 0.19 0.4359 44.50 2.00 
153 WTR 47.75 90 45.25 180 0.22 0.4690 45.25 2.50 
154 WTR 48.37 90 45.12 180 0.29 0.5385 45.12 3.25 
155 WTR 45.75 110 44.12 20 0.18 . 0.4243 44.12 1.63 
156 WTR 45.50 74 44.37 164 0.28 0.5292 44.37 1.13 
157 WTR 45.75 102 42.12 12 0.24 0.4899 42.12 3.63 
158 WTR 45.37 82 42.25 172 0.29 0.5385 42.25 3.12 
159 WTR 45.62 104 44.25 14 0.21 0.4583 44.25 1.37 
160 WTR 45.75 90 44.37 180 0.29 0.5385 44.37 1.38 
161 WTR 43.62 76 42.75 166 0.3 0.5477 42.75 0.87 
162 WTR 43.75 86 42.62 176 0.3 0.5477 42.62 1.13 
163 WTR 43.50 102 42.37 12 0.32 0.5657 42.37 1.13 
164 WTR 45.12 102 44.50 12 0.29 0.5385 44.50 0.62 
165 WTR 45.62 102 44.75 12 0.28 0.5292 44.75 0.87 
166 WTR 45.87 98 44.87 8 0.07 0.2646 44.87 1.00 
167 WTR 46.37 78 45.37 168 0.25 0.5000 45.37 1.00 
168 WTR 46.37 74 45.50 164 0.25 0.5000 45.50 0.87 
169 WTR 42.25 110 41.50 20 0.48 0.6928 41 .50 0.75 
170 WTR 44.37 90 43.37 180 0.35 0.5916 43.37 1.00 
171 WTR 45.50 82 43.62 172 0.42 0.6481 43.62 1.88 
172 WTR 45.62 78 44.25 168 0.65 0.8062 44.25 1.37 
173 WTR 44.87 88 43.75 178 0.17 0.4123 43.75 1.12 
174 WTR 40.37 90 39.50 180 0.45 0.6708 39.50 0.87 
175 WTR 41.75 84 39.25 174 0.47 0.6856 39.25 2.50 
176 WTR 44.37 92 43.75 2 0.19 0.4359 43.75 0.62 
177 WTR 43.75 104 42.62 14 0.13 0.3606 42.62 1.13 
178 WTR 44.50 96 43.00 6 0.21 0.4583 43.00 1.50 
179 WTR 46.00 98 44.00 8 0.19 0.4359 44.00 2.00 
180 WTR 46.25 90 44.25 180 0.24 0.4899 44.25 2.00 
181 WTR 43.25 96 42.37 6 0.34 0.5831 42.37 0.88 
182 WTR 46.75 98 44.62 8 0.12 0.3464 44.62 2.13 
183 WTR 46.50 78 44.50 168 0.07 0.2646 44.50 2.00 
184 WTR 45.62 102 44.37 12 0.23 0.4796 44.37 1.25 
185 WTR 45.62 106 44.87 16 0.18 0.4243 44.87 0.75 
186 WTR 46.75 92 45.62 2 0.2 0.4472 45.62 1.13 
187 WTR 47.12 106 46.00 16 0.17 0.4123 46.00 1.12 
188 WTR 46.00 80 45.12 170 0.27 0.5196 45.12 0.88 
189 WTR 45.40 98 44.25 8 0.24 0.4899 44.25 1.1 5 
190 WTR 45.75 108 44.87 18 0.21 0.4583 44.87 0.88 
191 WTR 45.00 96 44.37 6 0.17 0.4123 44.37 0.63 
192 WTR 43.37 110 42.37 20 0.16 0.4000 42.37 1.00 
193 WTR 43.87 72 42.50 162 0.19 0.4359 42.50 1.37 
194 WTR 45.37 90 43.87 180 0.16 0.4000 43.87 1.50 
195 WTR 44.87 96 43.75 6 0.22 0.4690 43.75 1.12 
196 WTR 40.00 90 38.87 180 0.19 0.4359 38.87 1.13 
197 WTR 42.00 164 39.75 74 0.32 0.5657 39.75 2.25 
198 WTR 43.87 90 43.00 180 0.16 0.4000 43.00 0.87 
199 WTR 43.62 94 42.75 4 0.2 0.4472 42.75 0.87 
200 WTR 45.50 90 44.25 180 0.12 0.3464 44.25 1.25 
201 WTR 45.50 90 44.25 180 0.07 0.2646 44 .. 25 1.25 
